Background: Multiple sclerosis (MS) is a chronic progressive condition affecting the central nervous system. Progression of MS results in increased level of disability and most patients will eventually experience some degree of functional impairment and impaired mobility. Costs and burdens escalate as MS disability increases. However, there is a lack of recent data on the impact of MS disability on the cost and burden among patients in the US. Methods: Data for this study were drawn from a real world, cross-sectional survey undertaken between 2013 and 2014. Neurologists completed detailed patient report forms (PRF) for the most recent consulting patients with MS (age >18 years). Patient's perceptions of their diagnosis and health-related quality of life (HRQoL) were collected through a patient self-completion questionnaire (PSC). Regression analysis was used to evaluate the relationship between disability (determined by latest Expanded Disability Status Scale [EDSS] score) and current relapse and health care resource utilization, health care costs, HRQoL and work productivity. Results: PRF data were collected for 715 patients (335 also completed a PSC). Patients with higher disability scores (EDSS 3-5 and >5 vs <3 points) and current relapse (vs no current relapse) reported significantly greater health resource utilization for physician visits (p < 0.05) and hospitalizations (p < 0.05) in the preceding 12 months. In addition, they had poorer HRQoL (p < 0.05), were significantly more likely to be unemployed (p < 0.05) and to have had to stop working due to MS (p < 0.05). They also incurred significantly higher health care related costs, including costs for physician consultations, hospitalizations and therapy (p < 0.05). The total costs of care were $51,825, $57,889 and $67,116 for EDSS < 3, EDSS 3-5 and EDSS > 5 groups, respectively; $51,692 and $58,648 for non-relapse and relapse groups, respectively. Conclusions: For MS patients in the US, health resource utilization and healthcare care costs increase with progression of disability. As the disability worsens, patients also exhibit diminished HRQoL and lower work productivity. There is a need for treatments that slow down or delay disability progression among MS patients.
Background
Multiple sclerosis (MS) is a chronic progressive condition affecting the central nervous system and characterized by localized areas of inflammation, demyelination and axonal degeneration [1] . This process results in a wide range of neurological symptoms, most commonly autonomic, visual, motor, and sensory in nature [1] . The progression of the neurological symptoms of MS may be ongoing (progressive MS) or associated with periodic worsening or relapses (relapsing-remitting MS) [2] . In the US, the number of MS patients has been estimated to be between 400,000 and 570,000 [3] .
Progression of the neurological symptoms of MS results in increased level of disability and the majority of patients will eventually experience some degree of functional impairment and impaired mobility [4, 5] . In addition to impacting a patient's ability to self-care and living independently [6] , functional and mobility impairments can have an impact on the ability to work. Indeed, disease progression and the associated increase in disability have been associated with increased levels of unemployment [7, 8] . Symptoms of MS generally appear between the ages of 20 and 40 years, a time when individuals may be establishing their careers, starting a family or having a number of dependents to provide for [9] . The loss of independence and ability to work and provide for themselves and their families can have profound detrimental effects on patient's health-related quality of life (HRQoL), social participation and psychological health, in addition to a considerable financial burden [10] [11] [12] [13] .
Several studies have suggested that costs and burdens associated with MS escalate with increased disability and may include the need for inpatient care in a skilled nursing facility for those most severely affected [14] [15] [16] [17] . In addition, patients with MS accrue a considerable personal financial burden associated with missed work days, lost productivity and unemployment, as well as costs attributable to coping with the functional and mobility impairments including informal care costs, mobility aids, transportation costs, and home modifications [3, 18] . A limitation of the current evidence base regarding the burden and costs of MS is that the majority of the studies described above were conducted using data pre-2010 and as such a re-evaluation of the cost and burden of this chronic progressive condition is warranted. In particular, there is a need to examine the relationship between disability and health-care resource utilization (HCRU) and associated costs within the context of the new treatment options available, including oral diseasemodifying drugs (DMDs), and the recognition that early intervention has the potential to slow the progression of the disease [19] .
To address the lack of recent data on the disability associated with MS and its related impact on the burden on patients in the US, we conducted a real world, crosssectional survey. The aim of the research was to quantify the relationship between increased disability and HRCU, healthcare cost, quality of life (QoL), ability to work and productivity while at work among patients with MS.
Methods

Study design
Data were drawn from the Adelphi MS III Disease Specific Programme (DSP® [20] ). The Adelphi MS III DSP was a real-world, cross-sectional survey of neurologists caring for patients with MS in the USA. Physicians specializing in the management of patients with MS were identified using national databases, the internet, medical literature, and local physician networks and societies. A regional stratification approach was used to ensure geographical representativeness of the physician sample.
The survey, undertaken between 2013 and 2014, consisted of a physician-reported patient record form (PRF) and a patient self-completed questionnaire (PSC). The study population consisted of 715 patients with a diagnosis of MS who were >18 years of age and had been receiving treatment with any disease-modifying agent for the previous 12 months. Data for these patients were obtained from participating neurologists who completed a detailed PRF for the most recent consulting patients with a diagnosis of MS.
The research was conducted in full accordance with the US Health Insurance Portability and Accountability Act 1996 (HIPAA; www.hhs.gov/ocr/privacy/). All data were collected via ethically approved procedures through local fieldwork partners, including the informed consent of patients, and data was fully de-identified prior to receipt by Adelphi. Full details of the DSP methodology and of the methodology for the MS DSP have previously been published [20, 21] .
Physician-reported data
The PRF collected information from patient records on patient demographics and disease characteristics including time since diagnosis, symptoms at diagnosis, healthcare resource utilization (medication use, hospitalizations, emergency room [ER] visits, physician consultations, other healthcare professional [HCP] consultations, and supportive therapies), and whether the patient was considered to have experienced a recent relapse. Physicians were also asked to provide an Expanded Disability Status Scale (EDSS [22] ) score where available. Only information available to the physician at the time of the patient consultation was collected.
Patient-reported data
Patients for whom a PRF had been completed were invited to complete a PSC independently. The PSC collected information about the patient's perceptions of their diagnosis, HRQoL (as assessed using the EQ-5D-3L health states and visual analog scale (VAS) and the Hamburg Quality of Life Questionnaire Multiple Sclerosis [HAQUAMS; [23] ). The EQ-5D-3L consists of 5 health dimensions (mobility, self-care, usual activities, pain/discomfort and anxiety/depression) and each dimension is scored from no, some or extreme problems. These responses are used to derive an index score that ranges from −0.11 (worse than death) to 1 (full health), with lower scores representing lower quality of life. For the EQ-5D-3L, the country-specific value set for the USA was applied. The HAQUAMS consists of 38 items that examine general health perception and five health dimensions relevant for patients with MS (fatigue/thinking, mobility lower limb, mobility upper limb, social function and mood). A composite score is derived ranging from 1 to 5 with higher scores indicating poorer perceived HRQoL.
Patients were also asked to complete questions regarding their employment status, the impact of their MS on their ability to work and time lost to work as a result of their MS. Information of the work-related burden of MS was collected using the Work Productivity and Activity Impairment Questionnaire (WPAI) which was included as part of the PSC [24] . All answers were anonymised to preserve confidentiality and the patient responses were then matched to the corresponding PRF via patient and physician study numbers. The matching of these forms enabled analysis of corresponding data from the physician's PRF.
Statistical analysis
Analysis was restricted to RRMS patients receiving a DMD continuously for the previous 12 months.
The relationship between disability, as measured using the EDSS, and current relapse and healthcare resource utilization, healthcare costs, HRQoL, and work productivity was evaluated using regression analysis. Patient age, sex and body mass index were included as covariates in all regression analyses. These covariates were selected as being variables commonly regarded as potentially confounding or interacting with a variety of health states including MS. The clinical course of MS is age-related and older age tends to be associated with increased fragility and increased severity of any other comorbid health conditions. Gender has also been shown to impact the clinical expression of MS as well as responses to therapy. BMI may be indicative of current overall health. Regression analyses were chosen in order to strike a balance between the need for strong modelling and interpretability of the output data. The same approach was used for all analyses in order to ease the interpretation of coefficients. While using different models for some analyses may have provided a better fit to the model, it was felt that this would have offered little advantage and rendered interpretation more challenging.
The EDSS is a 10-point scale with 0.5 point increments reflecting increased levels of disability [22] . Scores of 1 to 4.5 define patients able to walk, scores of 5 to 9.5 define patients with impaired walking. Impairment in eight functional systems (pyramidal [limbs], cerebellar, brainstem, sensory, bowel and bladder, visual, cerebral and other) is reflected in increased EDSS scores. An EDSS score of <3 was defined as the reference group for comparison as these patients experience no, minimal or mild disability. Comparator groups were patients with EDSS score 3-5 who experience moderate to significant disability with limited impairment of activities and patients with EDSS scores >5 points who experience disability severe enough to impair daily activities and ability to work a full day. Patients reported to have suffered a relapse in the last 12 months were compared to the reference group of those not having suffered a relapse in the last 12 months, according to their physician.
Direct medical costs (health care practitioner consultations, hospitalizations, current treatment regimen) were calculated as US$/year. Given the lack of nationally representative healthcare costs for the US, unit costs were derived from a number of sources. The unit cost per hospital stay was based on the estimate reported by O'Brien et al. [25] adjusted for inflation to 2015 dollars; physician consultation costs were derived from the Annual Physician Fee Schedule Payment 2015 database [26] and medication costs were derived from the US Department of Veterans Affairs National Acquisition Center cost database [27] . Direct medical costs were calculated based on healthcare resource utilization as recorded in the PRFs for patients in all analysis cohorts.
Logistic regression was used for binary outcomes (producing odds ratios [ORs]), negative binomial regression for count outcomes (producing incidence rate ratios [IRRs]), and ordinary least squares for all other outcome types (producing coefficients). All regressions were adjusted for patient age, sex, and BMI. Standard errors were adjusted for possible correlation within reporting physician. All analyses were carried out using STATA 14.1 (StataCorp 2015. Stata Statistical Software: Release 14. College Station, TX: StataCorp LP).
Results
A total of 109 neurologists provided PRFs for 715 patients with MS. Of these 715 patients, 335 also completed a PSC. No relevant demographic differences were noted between the cohort of patients providing a PSC and those who did not (data on file). The baseline demographic characteristics of the study population are shown in Table 1 . In all, 31 % of the patient cohort was male, the mean age was 42.1 years and the mean time since diagnosis of MS was 6.9 years. Interferon beta-1a was the most common current DMDs (32.2 %) followed by Glatiramer acetate (24.9 %).
Association between MS disability and disease burden Healthcare resource utilization
Compared to patients with an EDSS <3, those with higher disability scores made significantly more visits to a neurologist (EDSS 3-5, IRR 1.3; EDSS >5, IRR 1.4), MS nurse (EDSS 3-5, IRR 6.6; EDSS >5, IRR 44.4), a physiotherapist (EDSS 3-5, IRR 3.2; EDSS >5, IRR 9.9), and a urologist (EDSS 3-5, IRR 4.8; EDSS >5, IRR 7.2) in the previous 12 months (p < 0.05 for all comparisons; Table 2 ). Those in the highest disability group had significantly more hospitalizations in the previous 12 months (IRR 3.3, p < 0.05).
Relapsing was notably associated with increased healthcare resource utilization (Table 2) . Compared with patients with no relapse, those with relapse made significantly more visits to a neurologist, primary care physician, ER doctor, ophthalmologist, gastroenterologist or psychiatrist and had more hospitalizations in the previous 12 months (p < 0.05 for all; Table 2 ).
HRQoL
Patients with higher disability scores and disease relapse were more likely to perceive their MS as a major problem in their life that causes upset (p < 0.05 for EDSS 3-5 and EDSS >5 groups compared with EDSS <3 group; Table 3 ). Patients with greater disability were more likely to report poorer health status (EQ-5D) and poorer perceived QoL (EQ-5D VAS) (p < 0.05 for EDSS 3-5 and EDSS >5 groups compared with EDSS <3 group; Table 3 ).
Using the MS-specific HRQoL tool HAQUAMS, increased disease severity was associated with an increased likelihood of worse HRQoL in terms of the overall score and scores on all subscales (p < 0.05 for EDSS 3-5 and EDSS >5 groups compared with EDSS <3 group).
Relapsing was associated with worse HRQoL measured by either EQ-5D or HAQUMAS (Table 3) . In general, patients who experienced relapses had lower HRQoL than patients with no relapses (p < 0.05 for all except for EQ-VAS; Table 3 ).
Work and productivity
Compared to patients with an EDSS <3, those with a higher disability score were significantly more likely to be unemployed (EDSS of 3-5, OR 2.8; EDSS >5, OR 12.4; p < 0.05 for both comparisons) ( Table 4 ). These patients were also significantly more likely to have been unable to get a job or a promotion due to their MS (EDSS 3-5 OR 4.8; EDSS >5 OR 17.0; p < 0.05 for both comparisons) or had to stop work altogether (EDSS 3-5 OR 2.6; EDSS >5 OR 10.4; p < 0.05 for both comparisons) due to their MS. Patients in the EDSS 3-5 group were significantly more likely to have experienced impairment while working (+13.3 %) and overall work impairment (+15.4 %) than those in the EDSS <3 group (p < 0.05 for both comparisons). Activity impairment was significantly greater for patients in both higher disability groups compared with those in the EDSS <3 group (EDSS 3-5, +16.8 %; EDSS >5, +33.6 %; p < 0.05 for both comparisons) as measured using the WPAI (Table 4) .
Compared with patients without relapse, those with relapse were significantly more likely to have had to reduce their weekly working hours due to their MS (OR 2.3; p < 0.05) ( Table 4) . 
Economic costs associated with increased disability
Direct costs associated with health care practitioner consultations, hospitalizations and medications in the previous 12 months are shown in Table 5 . As disability progressed, the direct costs associated with physician visits, hospitalization and medications also increased. The total costs of care were $51,825, $57,889 and $67,116 for EDSS < 3, EDSS 3-5 and EDSS > 5 groups, respectively. Relapse was also associated with increased costs. The total costs of care were $51,692 and $58,648 for the non-relapse and relapse groups, respectively. Costs associated with health care practitioner consultations significantly increased among patients with Table 6 ). Higher levels of disability were associated with higher costs over the previous 12 months for hospitalizations (+$10,883; p < 0.05) and total MS costs (consultations, hospitalizations and cost of treatment) (+$13,324; p < 0.05; Table 6 ).
Relapsing was notably associated with increased health care costs (Table 6 ). Compared with those with no relapse, patients with relapse accrued significantly higher costs over the previous 12 months for physician consultations (+$464; p < 0.05), hospitalizations (+$3693; p < 0.05) and total MS costs (+$4390; p < 0.05).
Discussion
This study has highlighted the considerable burden of disability associated with MS on patients in the US using the real-world survey data from MS patients and neurologists caring for these patients.
Although previous studies have demonstrated that MS is associated with considerable rates of unemployment [28, 29] and that absenteeism and presenteeism are common among patients with MS [30] , large-scale evaluations of the real-world association between MS and employment and productivity in the workplace are lacking. In 915 US-based patients with MS receiving treatment in 2013, increased disability was associated with a marked impact on the ability of patients to work, as reflected by a greater likelihood of being unemployed, a greater likelihood of having to reduce their working hours or to have changed their job as a result of their condition. In a cohort of 337 individuals with the relapsing-remitting form of MS, 14 % of patients reported having to take time away from work due to their MS (absenteeism) and 47 % reported lost productivity at work as a result of their MS (presenteeism) [30] . Recently, several studies in small cohorts of patients with MS have suggested that fatigue, cognitive function and motor function may mediate the impact of disability on work status [31] [32] [33] . Our results confirm and extend these previous findings and highlight the relevance of increased disability as a driver of decrements in the capacity to work among patients with MS. In a cohort of 1510 patients receiving treatment for MS in the US, adherence to DMDs was shown to be associated with significantly lower healthcare resource utilization [34] . However, this analysis did not include an evaluation of the degree of disability for these patients. Our research has shown that, increased disability and current relapse were both associated with an increase in health care resource utilization. This was reflected in the increased numbers of health care practitioner visits, notably to neurologists, MS nurses and physiotherapist. The likelihood of requiring at least one hospitalization in the previous 12 months was also significantly increased for the most disabled patients compared with those in the least disabled category. Of particular note was the observation that as disability increased, the likelihood of needing to visit the ER increased. Indeed, for patients with an EDSS score >5 the number of ER visits was 15 times higher than that for patients with an EDSS score <3. Recently, Oynhausen et al. examined the acute care needs of patients with MS presenting to the Mount Sinai ER [35] . They found that patients with MS were most likely to present in the ER with non-neurological problems such as urinary tract infections.
Perhaps unsurprisingly given the pervasive nature of the impact of MS on all aspects of the daily lives of patients with MS, increased disability was associated with an increased likelihood of reduced HRQoL. A previous study among patients with MS covering the period 1998 to 2009 demonstrated the negative impact of MS on HRQoL and reported that patients with MS lost 10.4 quality-adjusted life years as a consequence of their disease compared to individuals without MS [3] . Among patients with the relapsing-remitting MS, physical symptoms such as pain, stiffness and muscle spasms were related to physical QoL [36] . The presence of depression and cognitive impairments were more closely associated with work impairments. Our results confirm these findings and highlight the association between disability and HRQoL in MS patients. The specific drivers of HRQoL decrements in MS are not well defined. A recent study among 97 patients identified increased EDSS score and the presence of depressive symptomatology as relevant determinant of QoL among patients with MS [37] . Consistent with this, a larger study in a cohort of 949 adults with MS in Canada found that increased disability, depression and anxiety, fatigue and physical comorbidity were all associated with decreased HRQoL [38] . Together, these studies support the importance of targeting disability in order to achieve improved HRQoL for patients.
In addition to detrimental effects of increased disability on work capacity and productivity, our results also demonstrated an association between increaseddisability and the ability of patients to undertake activities of daily living. As MS-related disability increased, the likelihood of patients to be able to successfully self-care and complete usual household tasks reduced, and the need for informal care and support increased. An increase in disability was associated with an increased likelihood of requirement assistance with a range of usual self-care activities from getting out of bed to preparing meals and travelling outside the home. This may be because the EDSS was used to describe disability in the current research, a tool that focuses mainly on functional capabilities, specifically walking ability, to determine disability. A previous study showed that cognitive aspects of the disease, such as the ability of the patient to make decisions about daily tasks, were associated with caregiver employment [39] . A systematic evaluation of the impact of the symptom profile of patients with MS on caregiver burden is lacking and may inform the holistic support patients with MS and their informal caregivers require.
The burden of and costs associated with MS have been investigated using many different models including cross-sectional studies, retrospective analyses, patient self-completion questionnaires and data obtained from healthcare claims databases. Such studies have shown the costs associated with MS disability to be considerable for individuals, their families and for society as a whole [3, 18, 40, 41] . Initiation of DMDs early in the disease course has been shown to slow the neurodegenerative changes that may underpin physical disability and to reduce relapse frequency [42] . Our research has demonstrated that such a strategy could offer considerable benefits both in terms of the associated cost burden and the personal burden to patients, allowing patients to continue to work, care for themselves and their families. Our research has demonstrated the association between disability and relapses and direct medical costs; specifically, elevated health care professional consultations, and, increased hospitalization costs for those with the highest levels of disability. When considering the results presented here, it is important to acknowledge the limitations of the design of this research. Cross-sectional analyses such as presented here are hypothesis-generating in that they allow identification of associations (rather than causal relationships) between variable factors and the outcomes of interest. Data were derived by a survey-based methodology with physicians providing data available at the time of consultation. The pragmatic approach to accruing the patient sample, while practical in terms of deriving a large patient population, may have excluded relevant types of patients including those not currently receiving treatment or those not currently requiring physician consultation. Our patient cohort consisted of predominantly Caucasian, female patients consistent with the epidemiology of MS. Despite this, our cohort may not be entirely representative of the US MS patient population and, as it consisted of only patients consulting their physician at the time the research was conducted. Although pragmatic, this approach may have limited the generalizability of our observations to the entire MS population in the US. An additional limitation of this research that must be acknowledged is the lack of nationally representative cost data for the US. Actual patient-level cost data is determined by the healthcare plan to which the patient belongs. As it was beyond the scope of the current research to collect actual patient-level cost data, alternative unit costs sources were utilized. Where possible, official cost data from national social insurance programmes administered by the US federal government were utilized as these were regarded as the most reliable and nationally representative sources. A disadvantage of these sources is that they provide average costs regardless of patient-level diagnosis and so may not necessarily represent the actual costs of care for patients with MS. Despite these limitations, the aim of the research was to evaluate the impact of disease progression as reflected by increased disability measured using the EDSS, as such our patient cohort was stratified by EDSS score, with a score <3 group providing an internal control for comparisons.
Conclusions
In summary, our research has shown that the burden and cost of MS increases with progression of disability as measured by the EDSS and with current relapse. Our research highlights the need for treatments targeted at slowing down or improving the physical disabilities associated with MS to improve patient work capacity, HRQoL, and patient ability to self-care as well as to mitigate increased health resource utilization and its associated costs.
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